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(54) [%Bj]©.^fi:] jffigMK5^88gB*3<l:lJJiS5iSa^^Oii-fi:&fe 


(57) mm\ 

{mm\ 3. 5%©ftfi7K, 5 6 kg f /cm' , 2 
St. pH6. 5TWSLfcllt<^fi«^i^*lAJ9 0%et± 

hAt. 1 5 0 0 p pmCOAiS*. 15kgf/c 
. 2 St. PH6. 5-e8B^b^l^©SiSSS**< 
0. 8m» /to? • HJEiiOtt^S^fSKbSfflfrifc 



(2) 

J 

[^*«1J 3. 5?iJWftffi*. 5 6kgf/c 
m=' . 2 5*0. pII6. 5-tfM)£bfcll#cDiai*SS5^i&t9 

y hAi:> 1500p pmCD:ftM*. 1 5 k g f 

/cm* . 2 St:. pH6. srm^i^tz^oimmmM 

*«0. 8m' /m» • B£(±i:0lttl?&*-f-5iKbSffit'» 

C^*« 2 ] ^ a <nSifPJE**< 5 0 a t m^iT?* S 

Cfi*« 31 ^ a O^t^EEM^ 8 0 a t raK±T?»^. 

• C^*S4] 8ga*S. 3. 5%0:ftlS*, 5 6 kg f 
/cm^ . 2 St, pH6. 5-eM3£bfcB*©iiSffif.* 
9 0 Sg&±®5^Wtttl*^5)K-C*-5 C t a t 

im^ms]^ KaA^. 3. 5%Oftlfi7K. 5 6kg f 
/cm- . 2 513. pH6. S-^jBSjeL-ZtH^CSfffi^^** ■ 

im^me] mhifl. 1 5 0 0 p pm<0-km7k, 1 5 
kgf/cm' . est:. pH6. 5 TM^USilISOTlt 
g^g^^i^/tg 0%e^±-C, AO 1 0 0 0 p pmOfiSSlT^'' 
^^i^'^Azlc^tS. 15kgf/cm' . 25*0. pH 
6 . 5 TKl^ Ufcl^CDffiSt^^** 9 0 %5k±om&^t^ 

[Slf*fll7l Kb*!. 5 0 OppmOftS*. 5 kg 

f/cm- , 2 St;, pH6. 51?Stl^Lfcl^<0^fiii 
^*iO. 5m» /m' • Hfiti^Wt-Sj^-^^SiltS: 

tiijR^S] Kb*t, 5 0 0 p p mCD-ftS*. 5 kg 

f/cm^ . 2 5^. pH6. 5 -cm^iyrd^<Dmi^m 

8 0 9fieiTT. 1 0 0 0 p Dxaomif^if^i^t; 
5 kg f/cm' . 2 5"C. pH6. srM 


iRf5R^8-2 0 6 4 6 0 

2 

^'JzL-;i'=i-y NBCDSil*«a»§SIBIti'3.-;Ua. 

n-y ^A©tti^*ic}g^-r^ct£!rseiii-rsM«J5i 
m^m 1 4 ] m^m 1 3 cctev^T. isssi^^ 

-;i'JL-y h A(0 1 aa<0»f^EE^*<5 0 a t m£t±, 

2Sa©gJf^JBE^77!|S8 0 a tmmJiT*ac:iS-#gi;i: 

*® p 9 a±{cai3ST-5fc«>«)^assftfc c: t s 
m^m. 2 1 ] MSSK^ y a. - y h a (Z>#tj& 

[if5RW2 2] seSSK^ v'a.-;i'ins/ hA<J)«if& 

[it^a2 3] ^mmmm^mwmmo. 5%£t±o 
c^8j®s^jai;siegg] 

[000 1] 

v^:»mit. if^hHanrnM. m^<r>mi\t. sitst*©® 


(3) 

3 

[0 0 0 23 

•5. K^SS&^^A^tfi. ig^iSiS (MF : M i c r o 
f i 1 t r a t i o n) S> (UF ; U I t r 

a f i 1 t r a t i on) fflftS (RO ; Re v e 
rse Osmosis) ^t^h^. $ 6> tia^tJS:-? 

0^-5t»HNF ;Nanofiltration) 

[0 0 0 3] j£ssei-T?fS}£%^iBi-r 'S^-^K. ^<om 

T4 0 JSffiSfiOjt**«fiiS:Siai/T^6n5i!g«. jS» 
SSm^v'a.-;K^>'?t?iS7KSS*«3. 5 6 %S 

6 J«fc?*UTtt*«J4 5 a t m) Jeil±©K*dijif'i?-e* 
•5. R*®*S*»V»t)(J)-5e:*t*L''<;PCJtjfet?#, 5? 


!|^g9¥8-2 0 64 6 0 
6 5a tvaMSKD&ti^fi^ifXiR^A 0%iVO*#t? 

[0 0 0 5] «*#^i&fi(t*n-i)A*<7)iixs?tt. rtfgn 

[0 0 0 63 iSft© (giSWi:bTj£<iSiS!!$nTU 
5) 11X^4 0 96SSlC*ViTtt, «i&*©pH*7filT 

[0 0 0 7] L/A^Uft:*^6. X^r— JHfeiSMSIglJDLjt 
i bT ±ieo X dr-Jl/;«^3-©«rii5 * WlSMT^ ■!) CD 14 P 

H7£tTo«^. ssBTKas-ei 0*^6 1 1 %mm.x^ 

(c. iS^;f(iSS(cJ:-?TS^$^iS^7t(ftS£J:0^2 0 

a t Ineg«^»ffi*siS»§2K^5?3.-;^^c«•#•rs/ef' 

JS*iSS3. 5%©^^©. iK^6 0%;cffi 
S-r-SiSli3;4ciSS(48. 8%-C«0. C©S3)£(4^7 
0 a tmt«:«.>©il8». ifiSSIEltcttO 0 a tmS 

[0 0 0 8] — 2esss©'l'-e'fe*>*8S*<l:^ie 

*E*®ji05}-Wt?f±> ifi¥<£Efl:**it*. 2 0 a t miil 


tj. ^miiltifS^a. tm~l Ofta tm-^Sj£t*S. SI 
-7; R OKfJlRroSiajlfeJS?*^:*:^ < . 0. 

Pl5&«#^$nT*T0J«. !^M¥4- 1 5 0 9 2 3^^ 

<&. L/;0>L.;a:dtf>, ;i/-:^RO^tt-€-oiMlt#ftoi<D;i 
^ofc*;i'-XROK(0ffiffl;&j*tL'T. ^<o^}-^:&fe 
i/i-g>o wpLit. ^^me 1 -2 0 0 8 1 o-^^s. 1^6 

1-2 0 0 8 1 3-^iiSiCf±;l'-XRO^^ 2g:tCL'fc: 
»«I^S*tSB^SnTV^5. ^#M¥3 - 2 7 8 8 1 8^ 

5 3- 5 8 9 7 4^^jkmz\mmzmSi^o%m^im 

o IE Vi ftiSK^ 3L-;i/ & tcEfi L tzm^lJl^ti 

M^^SntViS. «'MBB5 4-1 248 7 S^iiStCfc 

g a (c ii- - X R o ^ S:^ tr r ^ ic ffijis a? ^ ©ai -r 5 :«r 

Wm^3- 2 1 3 2 6^^«tCfeJgaSK^v?3.- 

snrvi-s. i:n6;i'-xROK^i?3.-Ji^^^S:fc-r 

[0 0 0 9] JU-XROKS:ffl^-li:TK7KS:»5:«^)*i: 
UTtt. #Mlia6 2-9 128 7^^airfiMSiff«£1' 

CO 0 1 0] #WBS6 2-1 0 2 8 8 7#iiS(C 


(4) !fJffi¥8-2 0 64 6 0 

[0 0 1 1] aifioi^gsm?«*^7X^fc>^5'>h 

~5 p pm-^SnT>».5. JfJ'^iSJifiiP^^e&^^pKaT? 

'y^^mmomum (o. 2mg/L) OTcf-sct^s 
[0 0 12] ^'i^igcDi^s^jSiL.Ttt. assstsfeet^i- 

CO 0 1 31 Sft±T&SnTH-5a»S^tl/T 

30 r^^mu. mm±i99mt^')7s.}i'&^<^m.mm\z^^ 
-f :t >ft:r 5 p H 9 &jc\zmii vx'M^^^fffs.^ 

CO 0 1 4] b*->L'>^*^e.. JfTKO.fc'Sfcxir— ;ujS;53- 
40 ^iK^triSiSS^SS*. pH9e^-h©7;i';t;Uttffi^ 

C0015] 


(5) 

7 

5 a t m (<}tJS-7KSS 2 0 "COTig-g-) , iJti^* p H 7 Jit 

2. s^ica^-rsjitT?, ±teo7r'i?'j>i^*J:af 

%ftf ^ z. tfs. E\t>)mt£.ti^-o It, 

[0 0 16] j£^SK«*gSE7kft::^7>h©Sft53X 

L-TttiR^* 6 0 ?«@KSt?S»s t*ta^ U 

a t mSl-i 9 0 a t m(©BE*T?a4Et"4C t!iiti6JS<i:;5: 

[0 0 17] LA^Li^*^^. ?^3l5®iaSOKS:ffltJfc 
^J-ilrH 6 0 «0|5liK$T®iteSrff/j:5 lCl±tt*&jftK 9 

[0 0 18] iaiaSIKO*:'>^t(PS3S^*ifii±$1i 

[0 0 19] ;i'-;;^ROflS€ia^f*-5itlcJ;-3Tc:ti 
[0 0 2 0] ii^^^(c<j:0iS{i;^^iSt|'O 

[002 1] 

[0 0 2 2] ra. 5 «oftiS*. 5 6 k g f /c 

m» . 2 St:. pH6. 5 T ij^ ^^tJS 9 
0 5g£l±CD14|gS^f ■5]Sa$ffi^>iti£SSM^:i^i- 
;^a.r.-;^A^:, 1 5 6 0 ppmW^Eta*, 15kgf 5U 


!ffM¥^8-2 0 64 6 0 

/cm' . 2 St:. pH6. 5Till5£Ufcff#CDaja»lfA 
7)50. 8m' /m^ • Biil±Ott|g$*-r«IKb!£fflt» 

1 5 0 0 p pmS«stfc*iS*S: 1 5 k g f / 
cm' . 2 5"C, pH6. 5. EIiRsp 1 5 %£tTO*# 

3. 5«g«?L«:@^S:fflV»T. 5 6kgf/cm»", 
2 St:. pH6. 5. SJK^ 1 5 %£;T©^f=f=TiSfr«2l 

[0 0 2 3] Sfc, c:^:-c#^^itt;*:i5:Ttfg$ns 

[00241 ii^iE;^^ (%) » (^^{^©siis-Sigi^© 

fiS) /«^^©g|gx 10 0 
[002 5] 

iHliR^ (%) =a®fScoft/fi^l&jtOTSx 1 0 0 

[0 0 2 6] Ka©ffifflE:^tt. ^ICRISSn-S^OT? 
tt/iVij&t. $f$U<tt5 0 kg f /cm2 StJb, 
ffS L.<tt8 0 kg f /cm' KJ:Tatean-5©7)*iSS 

[0 0 2 7] *^MIC*5^iT. M a ©^-f^^it^ita. 
3. SXro^ie*, 5 6 k g f /cm* » 2 StJ^ pH 


• 9 

6 . 5 TMM l'1tm<Dmmm^f>^ 9 O 5S«±. Sf s u< 

[0 0 2 8] Se>t^att, 3. 5%(n-km.:^. 56k 
gf/cm' . 2 51C, pH6. 5-ejWSb;feil#OSji 

5m' /m' 'B&.±. 1. Om' /m» • He^TTab 

1. 5m' /m* • B*ax.S« 

[0 0 2 9] 2i5:|TgBJ{C;fcV5T, Kbttt, tit)(<f>5)ffiffi 
[0 0 3 0] ^BEEaaSKttt. fe^i-fBjg^^f 

[0 0 3 1] •?-0*#iCttS^g!-fe;i'D-X^#UV-. 
Jp'J75K. zt?'JXX5^;k li^U'fSK. tfr-Jl/Jj? U T 

[0 0 3 2] *5!?8K:feViT. effiffiSSBSTi^irT'^t 
f^lttt. 1 5 0 0 p pmO:feJt*. 15kgf/c 
m» . 2 5'C. pH6. 5 "eMJeUfc^COSiaggSdt 
0. 8m»/in» • B&,±. ^f*L<ttl. Om' /m 
' • BjK±T*-5C:t*tJFSbK 1 500P 

pm«)A^g*, 15kgf/cm» , 2 5'C. pH6. 

5 'vmmvit^omBf^^ifi 9 0 $? * 0 < « 9 

8 %e4±t?. *0 1 0 0 0 p pm®^S!^i^^v';?A* 
mm. 15kgf/cm' . 2 sr. pH6. STiffl^t 
Ufc^(©i[»^**t9 0 S«St±. if ^ b< tt.9 8 


(6) !fJB9¥8-2 0 64 6 0 

10 

tt. ±ISLfeS|;f^ttSee#L.x 5 0 0 p p m©:feJS 
*S5kgf/cm» . 2 5'C. pH6. ST'M^Lfc 
B#©SiaS5*JJi0. 5m» /m' • Be(±*#-r5. Ife 
0 a t meiTO£E^)TfiEffl$n-5K*Jct;D»S 

[0 0 3 3] )V-XROmt\i, ^J'^fift5Ji>e.lfc=Fg 

[0 0 3 4] *!gl38C*V^T. )V—7,R01^ifi^-r'^^ 
ilfttJi. 5 0 0 p p mCD:feiS*. 5 kg f /cm' . 2 
5'C. pH6. 5TM^bfell$©®jSflg*:*<0. 5m' 
/m^ • B£t±e^-r5Md«jifSb<, SSJC, 5 00 
ppmOftig*:, 5kgf/cm2. 2 5C pH6. 

JO 5 T-JtiSLfci^©ii#f^¥/5«8 0 %e;T. ff^ L < « 6 

0 %&.'TX. *0 1 0 0 0 p pm«)lfeg[^i'^:|i>":7A* 
f&jS. 5kg f /cm* . 2 5'C. pH6. 5t?ffll^b 
fcI^omS^|S^^*^9 0%JX±. |ffSb<lS9 8%et±© 

[0 0 3 5] ]£SiiffilX ;>(> h ±£]Sgg^$IIIS( 

{cffiffi-r-5;ts6fc^^sgffcbfcfc(7)-ea5 0¥K«, x/i-r 
5^3.— y^-h • 7>H • Aox 

[0 0 3 6] )S£SSm=E-:;jL-;i-a.xy htt±]^ 
[0 0 3 7] 0€:fflHT*j!?q©S»®#l^4SK 
50 MSiffSlniBETT2»a2)BI^-:?3.-;HCftl&b. SiSiK 


(7) 

11 

[0 0 3 8] 01 tim&&f&=ezfa.—)V:L=:.y f. BOS 
[0 0 3 9] iC-C. a-y hBClK<a--y hAICT 

i@5lHiiK^il^S:ffja:3:;^iiiC'::?i'iTE2(cs-r. 

AOia^7K^^!^g;ois»ssJK^>^3.-;i'a.-<y vmz^ 
i^r^:)sm (M. tia-r) -Qnis-oo 40 

^©»*gi?*^ktl^^O)if^JE:b (6 0 a tmSS) . 

•€-OiSi^*$8 0 a tmjj^±tc#BELT;*:a©a»asii 
^T^iaiR^s 6 0 xgffiic-rs. l^a. cc-e^Lits 


!f5B3¥8-2 0 64 60 
tt|g^lRj±$-tt^7^:®. i£SS^^i^J.-;i/n.-5/ hA 

[0 040] gl 3 ttiS^aSKt VoL.-)V=L=. y h A CDS 

a-y hA©#ll&*fcii-&b;fc«-S-oilS<oia-c*«. 

S r l52La « ff ^ o 1 0 ilSSM^: J? 3L - 

a.— hBCtti^bTfe74*it);ki'»7»s, iSSi-^liliDI 

O^, ji*aSMti?3.— hAcDg^aOjft®* 

l^^i^o.— JVa-y hB©SS7KtcJ:-pTj8'i66tlSO 
TiSaSK-ei^a-JUrLn-; h ATttM^O 4 0 Si J; 0 

[0 0 4 11 S4«)fiSSK=Eva-;ka=.y hA©g 


(8) 

13 

i om&mm'E a. - ^ h a ^ t ji i<? 

* CD SJ7»J0^ L. re -f :t > i -5 p H {r MM t 
-5ri:*ii!f*H'». c:©II§©pHS9K±. 

[0042] L/Sfc4>fi©:^ir-;u(©^di7jt^a& en 

hBK:««&L/T4J-fB«ff«i:5«)*Jfi=*b<. 

[0 0 4 3] ^;t. ^^^(C^V^TMSSI^^IKDI^ 

ttx5^u>2;75>iag^ll^t**^eweS5. ssfiim;^ 

J5:t*Jftf^®L/-?>TS. iiIli»OjSA»e^*t:j?U7i"JJl'K 
igjp'JV-, d«'JjBKli. X5=U'>5'75>B3»ffi (E SO 


1'JBB¥8-2 0 6'16 0 
DTA) /.C(i:7jJ*5S93fcfetiTif®wfliV>etl-5. 5l«U 

[0 0 4 4] ::n?>X'5r-;uEjjjLb?iilo^3jDaati 

'^m'^^mizm-^^nm<tii<r>m^^ 
^nm.-t^t—m'iviMo. oi~ioooppmT» 

•g-TttO. 1~1 0 0 ppm*t»SL<. SSIC^SL 

< li 1~5 0 p pmTi&^o ^JDS*^0. OlppmJ; 
0 %'>fS.^'^^%\Z\t7.'T—)V<D^±^-jt^\zm^-^^1S. 

nzi«&, K.ttiio^i^^bdJScs. Sfc. 1 0 0 0 ppm 

[0 0 4 5] sfc> *^B«©ss*5J:af5^ii:^raiomM 
m.^^\z\m.!>vmmk^m^-^^ii, 4:^i^ogs£j:o 

Wi(r>mm,h'¥^im«m<r>^n^^mm^^^mzi:^ 
[0 0 4 6] *%?8-t?«effl-r?>'^'S*K^';?=L-jutL/ 

3i?ux5^i/x 3}?u:/ot;U'>. #ux;1'3}t>. TiJutf 

-)VT)Vzi—)W -fc;l/D— X7-t-r— h. #'J7^'Jn 
xhU;k ■e©<i{j©ttfS£S^-r-5ilt*^-e#-5. 

*t®Sf«'5. 7i"JPXh'j;W^S^^J^04't?gt>jf 


(9) 


!f^PB¥'8-2 0 6 4 6 0 


13 

0^;P%et±. ff^UKite 0=E:)\^%Kk±t. m7{7^J 

CO 0 4 71 *|gl?©SBRtXiJ-l!i*Sfe{CJ:oT. jES 
±. J:0if$Ktt6 0SKCDI5IiR^-e^J'«t£fTi^j:5ili:* 


CO 0 4 8] *fc, *5gBJ3®^Bfei:r;5j-;l2A-fett«K 
0. 5 Jio^JSc05^»l::iai*dt£fe 0 . f5*OTgS5*^fc: 

iZ%nm^±S^K 
[0 0 4 9] 

iO C 0 0 5 0 3 Cfi^ bfclKOilf 1 tc^-f. * 

C tl e> 2 a^®JK a 1 3 b tct? t^T. 

CO 0 5 1] 

C^i] 


1. 4^l&B^(c^:bSi£ilSfg^<0^ 



®a-1 

tta-2 

Rb-1 

J»b-2 

«b-3 


0.6 5 

0.- 7 3 

1.24 

1. 1 0 

0. 73 


9 9.6 

99. 7 

5 3.5 

9 9. 5 

9 9. 4 


9 9.9 

9 9. 9 

9 9.0 

9 .9. 7 

* 

99. 6 


5 6 a t m 

2 51C 
pH6. 5 

3. 5X:&^ 

1000pptn{3Sit7 

5 6 a t m 

2St: 
pH6. 5 
3. SK^iS 
1000ppni(Elt7 

5 a t m 
2 5^ 
pH6. 5 

1 S a t m 

2 5t: 

pH6. 5 
Y0Q0ppniif£lt7 

5 a t m 

2 S-C 
pH 6. 5 


sr. pH6. 7tCISSl/:/b^. f>^(S^i£i@K'&i^ 
i-Jl'TffiSb:^. -S-©^. 25kgf/cTn* K#JE 


lt4 7%-e*0. Sjg*<^tgSg« 2 6 6 p p mTS o 
6. 7ni> /B-tfa&O, 2 0 0 0 ^miiia%^Si@;4cfi 

C005 2] mm2 

nmiWZ^^-^X^ hAS2eK»;^ 

;t. IPS. jffiSigK^i^i-jWrLXy SBOSiS**. 

^i'aL-ji/a.xy hAtc^j^-r^iseg^^ffiS^ffl^^^ 

2atm-r, Bia-2tt8 0 a tmTjUEU/i. ifiSS 


(10) 

17 

tc 1 6 0 omrmmm'hB.myiim<o{srF\misb'inrji7ti^ 

[0 0 5 3] ^mM2 

St;. pH6. Ttcaaaus:^, *3g^is^itSjaKt>? io 

hBO]SiS7K&il-&b. 9 0 a t 

U "^A^ 1 0 p pm©»gEt7asj:5 t^inU jS*as 

M^v^;>.-;l':i-'y hB09jft^*«^g^1-d5DS:L. 20 

C0ia«SH2 2 7 p pm-Cfera fe, jS*SS^^v? 
a.— ;l^JLr.'y hACDaia*fi{i2 9. 9m» /HT?* 

0 . 2 0 0 0 R#rflssia^feS~3a*s©ffiTtt^* <^tif£ 
[0 0 5 4] mmA 

*Jg0t| 3 C^SV^T. W-mzr)tz:i-yVMZ^XX. 2 

hASj&SiC, - 2 

hA^^gstUfciiiteTfc^ffiS 
SfflliTff^Sofc, tSEoTa.:::-^ {A (^{S 

*) -A (»»*) ^B) aSaSIK^i^JL- 
Jl-rL-'y hB©S3fi*&fit^*CRL.TJi'&L. 60 a 

=L-y hAizmmvit, '^m<^Mmmfa=Ei?n.~-)i':L- 

^Ir'SJ^-y-^t 5"J VK:}- h <J ^7 AS 1 0 p pm(C«ffit 
2 JSWiSffi^tiaaiE 3 . 6 ^Xi^-i ;*->aigO«Vi 

m7nmzn-r^mmmm=E:i^=L~jva.-y hA<Di^A<i 
&<Dm^\i. mm, Mi§L^-&x6 4%x$>K), sis*a> 

9 7 p ptnT^oZt. fSlWL^^T/^Ms. 50 


iRfgg^S -2 0 6 4 6 0 
<nffiSSK^5'j.-;UaL=:ry hA©2ia*fit±. 16 0 
[0 0 5 5] JtiS^Jl 

(^ift«3. 5%) SrS^*&LT9 0 a tmT5^S6S:ff& 
o fc. fciS&*{r'\^r1f^ ^ U >S6:^ h U 1 0 p p 

m<Dmmizf3:^j:o\zmisab. mii&t^myi^(Dm.\zMT 

5, m^7i(.(D^m^*yWtM\t30 6DpmX^r3ft. 
^fzs SjS*S«21. 7m» 2 0 0 01$ 

mmmmz \tmm^&\i 19. 3m' /aiiii^iST 
Lit, 

[0 0 5 6] 

=.yht:&.mVXm4iZWi-r&S^t^&L,ii:. z<D^m 

sfflv^T. ^-rmmm^i^xmm&s. 5%®fs*5 2 
s-c. pH6. 7csaaiL'fcm. f^^sis^i-ffijaK^v? 

a-;PT?fflSL'«tl&*i:L'«:, -eo^. 6 3a tmfC# 

ffiLT, 3!g®IKc^S^3.-;i^ar:y hAtc#*«&L.;5:. M 
mmm=Ei^3.-)U^=.y hA©|aIiR^I±4 3%-C^O. 
SfiTKotfiiiJSSH: 1 1 6ppmt?*t)ft:. ^^tJH-^JR© 
Sa«#tiS&*AM. 5 p pmlC^tL.. 3p 
pm-Cfe^fti. CCDSiiTKlcrJVft'JSaALTpHl 
0 i: Uft:^., y h B {::«|& L 

/c. CO^f1^JE:tlttl 8 a tmTi60, MS^^J^a 
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[Title of the invention] Reverse osmosis membrane separation 
15 apparatus, and method of separating a highly concentrated solution 
[Abstract] 

[Object] To stably obtain a low concentrated solution sufficiently 
getting rid of boron from a highly concentrated solution, especially 
seawater at high yield, at low energy and at low cost. 
20 . [Constitution] A reverse osmosis membrane separation apparatus, 
comprising a reverse osmosis membrane module unit A containing 
membranes a capable of achieving a salt elimination rate of 90% 

or more when measured with 3.5% salt solution at 56 kgf/cm , 25 C 
and pH 6.5, and a reverse osmosis membrane module unit B containing 

25 membranes b capable of achieving a permeation flux of 0.8 m^/m^Dlay 
or more when measured with 1500. ppm salt solution at 15 kgf/cm , 

25^C and pH 6.5, in plural steps. 
[Claims] 

[Claim 1] A reverse osmosis membrane separation apparatus, 
30 comprising a reverse osmosis membrane module unit A containing 


i 


membranes a capable of achieving a salt elimination rate of 90% 

or more when measured with 3.5% salt solution at 56 kgf/cm^, 25^C 
and pH 6.5, and a reverse osmosis membrane module unit B containing 

membranes b capable of achieving a permeation flux of 0.8 mVm^Qiay 
5 or more when measured with 1500 ppm salt solution at 15 kgf/cm^, 

25°C and pH 6.5, in plural steps. 

[Claim 2] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the operating pressure of the 
membranes a is 50 atm or more. 
10 [Claim 3] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the operating pressure of the 
membranes a is 80 atm or more. 

[Claim 4] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the membranes a have a separation 
15 capability of 90% or more as salt elimination rate when measured 

with 3.5% salt solution at 56 kgf/cm^, 25^C and pH 6.5. 
[Claim 5] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the membranes a have a separation 
capability of 95% or more as salt elimination .rate when measured 

20 with 3.5% salt solution at 56 kgf/cm^, 25**C and pH 6.5. 

[Claim 6] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the membranes b have a separation 
capability of 90% or more as salt elimination rate when measured 

with 1500 ppm salt solution at 15 kgf/cm^, 25°C and pH 6.5 and a 
25 separation capability of 90% or more as salt elimination rate when 
measured with 1000 ppm magnesium sulfate aqueous solution at 15 
kgf/cm^ 25''C and pH 6.5. 

[Claim 7] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the membranes b have a permeation 
30 flux of 0 . 5 m^/m^Qiay or more when measured with 500 ppm salt solution 
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at 5 kgf/cm^, 25°C and pH 6.5. 

[Claim 8] A reverse osmosis membrane separation apparatus, 
according to claim 1 , wherein the membranes b have a separation 
capability of 80% or less as elimination rate when measured with 

5 500 ppm salt solution at 5 kgf/cm^, 25®C and pH 6.5, and a separation 
capability of 90% or more as salt elimination rate when measured 

with 1000 ppm magnesium sulfate aqueous solution at 5 kgf/cm^, 25®C 
and pH 6 . 5 . 

[Claim 9] A reverse osmosis membrane separation apparatus, 
10 according to claim 1, wherein the permeated water of the reverse 

osmosis membrane module unit A is supplied to the reverse osmosis 
• membrane module unit B. 

[Claim 10] A reverse osmosis membrane separation apparatus, 

according to claim 1, wherein the permeated water of the reverse 
15 osmosis membrane module unit B is supplied to the reverse osmosis 

membrane module unit A. 

[Claim 11] A reverse osmosis membrane separation apparatus,, 
according to claim 1, wherein the concentrated water of the reverse 
osmosis membrane module unit A is supplied to the reverse osmosis 

20 membrane module unit B. 

[Claim 12] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein the concentrated water of the reverse 
osmosis membrane module unit A is supplied to the reverse osmosis 
membrane module unit B, and the permeated water of the reverse 

25 osmosis membrane module unit B is mixed with the water supplied 
to the reverse osmosis membrane module unit A. 

[Claim 13] A reverse osmosis membrane separation apparatus, 
according to any one of claims 9 through 12, wherein such reverse 
osmosis membrane module units A are arranged in plural steps, and 
30 the concentrated water of the reverse osmosis membrane module unit 


A of the former step is supplied to the reverse osmosis membrane 
module unit A of the next step. 

[Claim 14] A reverse osmosis membrane separation apparatus, 
according to claim 13 , wherein the operating pressure of the reverse 
osmosis membrane module unit A of the first step is 50 atm or more, 
and the operating pressure of the reverse osmosis membrane module 
unit, A of the second step is 80 atm or more. 

[Claim 15] A reverse osmosis membrane separation apparatus, 
according to claim 9 or 10, wherein such reverse osmosis membrane 
module units B are arranged in plural steps , and the permeated water 
of the reverse osmosis membrane module unit B of the former step 
is supplied to the reverse osmosis membrane module unit B of the 
next step. 

[Claim 16] A reverse osmosis membrane separation apparatus, 
according to claim 9, wherein a device is provided for adjusting 
the pH of the water supplied to the reverse osmosis membrane module 
unit B to 9 or more. 

[Claim 17] A reverse osmosis membrane separation apparatus, 
according to claim 10 or 15, wherein a device is provided for 
adjusting the pH of the permeated water of the reverse osmosis 
membrane module unit(s) B to 9 or more. 

[Claim 18] A reverse osmosis membrane separation apparatus , 
according to claim 1, wherein a device for adding a scale preventive 
is provided. 

[Claim 19] A reverse osmosis membrane separation apparatus, 
according to claim 1, wherein a device is provided for treating 
the water supplied to the first step by baclc-washable 
ultrafiltration membranes. 

[Claim 20] A method of separating a highly concentrated splution, 
comprising the use of the apparatus as set forth in claim. 1. 


[Claim 21] A method of separating a highly concentrated solution, 
according to claim 20, wherein the rate of the amount of the 
permeated water to the amount of water supplied to the reverse 
osmosis membrane module unit A is more than 40%. 

[Claim 22] A method of separating a highly concentrated solution, 
according to claim 20, wherein the rate of the amount of the 
permeated water to the amount of water supplied to the reverse 
osmosis membrane module unit A is more than 50%. 

[Claim 23] A method of separating a highly concentrated solution, 
according to claim 20, wherein the highly concentrated solution 
contains 0.5% or more of solutes. 

[Claim 24] A method of separating a highly concentrated solution, 
according to claim 20, wherein the highly concentrated solution 
is seawater. 

[Detailed description of the invention] The present invention 
relates to a novel reverse osmosis membrane separation apparatus 
for separating a highly concentrated solution by means of reverse 
osmosis, and a reverse osmosis separation method for separating 
a highly concentrated solution. The apparatus and method of this 
invention can be used for desalting brine, desalinating seawater, 
treating wastewater or collecting useful materials, etc. This 
invention is especially effective for obtaining a low concentrated 
solution from a highly concentrated solution containing a large 
amount of scale components such as calcium carbonate, calcium 
sulfate and silica or from a highly concentrated solution containing 
a large amount of boron, or for further concentrating a highly 
concentrated solution. 
[0002] 

[Prior art] For separation of a mixture, various techniques are 
available for removing a material (such as a salt) dissolved in 


a solvent (such as water) . In recent years, as processes for energy 
saving and resource saving, membrane separation methods are used. 
The membrane separation methods include microf iltration (MF) 
methods, ultrafiltration (UF) methods and reverse osmosis (RO) 
methods. Furthermore, in recent years, membrane separation 
methods called Ruth RO and nanof iltration (NF) methods considered 
as intermediate methods between reverse osmosis methods and 
ultrafiltration methods have been developed and are being used. 
For example, reverse osmosis methods are used to desalt seawater 
or a low concentrated salt solution for providing industrial, 
agricultural or home use water. According to reverse osmosis 
methods, water containing common salt is made to permeate a reverse 
osmosis membrane at a pressure higher than the osmotic pressure, 
for producing desalted water . This technique allows drinking water 
to be obtained from, for example, seawater, salt water or water 
containing harmful substances, and has been used for producing 
industrial ultrapure water, treating wastewater, collecting 
valuable substances, etc. Especially since the desalination of 
seawater by a reverse osmosis membrane has a feature that a phase 
change such as evaporation is not involved, it is advantageous in 
view of energy, and operation control is easy. So, it begins to 
be widely used. 

[0003] In the case where a reverse osmosis membrane is used to 
separate a solution, it is necessary to supply the solution to the 
surface of a reverse osmosis membrane at a pressure higher than 
the difference of chemical potentials (that can be expressed by 
osmotic pressures) of the solutions existing on both sides of the 
membrane decided by the solute contents of the solutions . For 
example, in the case where seawater is separated by means of a 
reverse osmosis membrane module to obtain fresh water, a pressure 


of at least higher than about 30 atm is necessary, and considering 
the practical use, a pressure of at least higher than about 50 to 
60 atm is necessary. Unless the supplied solution is pressurized 
at a pressure higher than it by means of a booster pump, a sufficient 
reverse osmosis separation capability cannot be exhibited. 
[0004] In reference to a case of seawater desalination by a reverse 
osmosis membrane, the rate of recovering fresh water from seawater 
by an ordinary seawater desalination technique (yield) is . 40% at 
the highest. Since the amount of fresh water obtained as permeated 
water of the membrane corresponds to 40% of the supplied seawater, 
the seawater is concentrated from 3.5% to about 6% in the reverse 
osmosis membrane module. For the reverse osmosis membrane 
separation for obtaining fresh water from seawater at a yield of 
40%, a pressure higher than the osmotic pressure corresponding to 
the concentration of concentrated water (about 45 atm for a 
concentrated seawater concentration of 6%) is necessary. To obtain 
a sufficient amount of fresh water with quality suitable for 
drinking water, actually a pressure of about 20 atm higher than 
the osmotic pressure corresponding to the concentrated water 
concentration (this pressure is called an effective pressure) must 
be applied to the reverse osmosis membrane, and usually a reverse 
osmosis membrane module for seawater desalination is operated at 
a pressure of about 60 to 65 atm at a yield of 40%. 
[0005] The yield of fresh water to the amount of supplied seawater 
directly contributes to the cost, and a higher yield is preferred. 
However, to raise the yield actually, there is a limit in view of 
operation. That is, raising the yield results in a higher 
concentration of seawater components in the concentrated water, 
and at higher than a certain yield, the concentration of such salts 
as calcium carbonate and calcium sulfate, so-called scale 


components becomes higher than the solubility, and they are 
precipitated on the surface of the reverse osmosis membrane as a 
problem to cause clogging of the membrane. 

[0006] At the present yield of about 40% (widely recognized as the 
maximum yield) , if the pH of the raw water is kept at lower than 
7, the risk of precipitating these scale components is small, and 
it is not necessary to take any countermeasure . However, to achieve 
a yield higher than the above level or to operate the reverse osmosis 
membrane with the pH kept alkaline, it is necessary to add a scale 
preventive that enhances the solubility of the salts. Typical 
scale preventives include ethylenediaminetetraacetic acid, sodium 
hexametaphosphate, etc. In the case of ethylenediaminetetraacetic 
acid, two nitrogen atoms and four oxygen atoms together with 
divalent cations form a stable chelate complex, for preventing the 
generation of scale. On the other hand, the effect of. sodium 
hexametaphosphate is called a threshold treatment effect, and it 
is considered that since the oxygen-phosphorus-oxygen bond in 
sodium hexametaphosphate agrees with the crystal lattice of scale 
geometrically, sodium hexametaphosphate is adsorbed on the surface 
of scale, to inactivate the nucleus generation surface, thereby 
inhibiting the growth of scale. 

[0007] However, even if a scale preventive is added, the 
precipitation of scale components can be inhibited up to a 
concentrated water concentration of 10 to about 11% if the pH is 
7 or less, and this concentration declines with the rise of pH from 
7. So, in the case where seawater with a concentration of 3.5% is 
desalinated at pH 7 or less, the yield is 65 to about 68% at the 
highest in view of material balance, and furthermore, considering, 
for example, the influence of varying different components of raw 
seawater, it is considered that the actual limit of yield af which 
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a reverse osmosis membrane seawater desalination plant can be stably 
operated is about 60% . In the case where an ordinary reverse osmosis 
membrane is used for actually desalinating seawater, as described 
before, it is necessary to apply a pressure of about 20 atm higher 
5 than the osmotic pressure decided by the concentrated water 
concentration to the reverse osmosis membrane module. At a 
seawater concentration of 3.5%, the concentrated water 
concentration corresponding to a yield of 60% is 8.8%, and the 
osmotic pressure for it is about 70 atm. As a result, a pressure 

10 of about 90 atm must be applied to the reverse osmosis membranes. 
[0008] On the other hand, in the reverse osmosis methods used in 
the fields of brine desalination and ultrapure water generation, 
the pressure is progressively lowered in recent years, and 
low-pressure reverse osmosis membranes that can be operated at a 

15 pressure of lower than 20 atom are commercially available and used. 
As these low-pressure reverse osmosis membranes, composite reverse 
osmosis membranes respectively using a crosslinked full aromatic 
polyamide as a separation function layer are mainly used, and at 
effective pressures of several atm to ten-odd atm, they achieve 

20 high water generation and high salt elimination rates . Furthermore 
recently, Ruth RO membranes as intermediate membranes between 
reverse osmosis membranes and ultrafiltration membranes have been 
developed and are being used. Ruth RO membranes can highly 
eliminate molecules with medium to high molecular weights of 

25 hundreds to more than thousands, divalent ions such as calcium ions 
and magnesium ions and polyvalent ions such as heavy metal ions, 
but allow the permeation of monovalent ions and low molecular 
substances. So, they are used, for example, for softening hard 
water containing a large amount of divalent ions. Furthermore, 

30 Ruth RO membranes have a feature that they are high in permeation 


rate, and an aqueous solution as low as about 0.1% in concentration 
can be separated at a very low-pressure of 10 atm or lower. So, 
their applications to other than water softening are contrived. 
JP4-150923A discloses a method, in which Ruth RO membranes are used 
to separate a highly concentrated raw solution into a more highly 
concentrated solution and a medium concentrated solution. However, 
it is difficult to obtain fresh water from a highly concentrated 
solution in one step using Ruth RO membranes, because of their 
separation characteristics. For this reason, it is proposed to use 
Ruth RO membranes in combination with another separation method, 
or to carry out membrane separation in plural steps. For example, 
JP61-200810A and JP61-200813A respectively discloses a separation 
apparatus using Ruth RO membranes in two steps. JP3-278818A 
discloses a method of using membranes with a low organic material 
elimination rate of 20 to 70% in plural steps for concentrating 
a very diluted organic material aqueous solution of 1% or less. 
Furthermore, JP53-58974A discloses a concentration method, in which 
reverse osmosis membrane modules lower in elimination capability 
than the reverse osmosis membrane module of the former step are 
arranged in later steps. JP,54-124875A also discloses a method, in 
which reverse osmosis membranes with a high elimination rate are 
used in the first step for concentration, while Ruth RO membranes 
are used in the second step for further concentrating the 
concentrated solution, and JP3-21326A also discloses an apparatus 
having reverse osmosis membrane module units arranged in series, 
in which reverse osmosis membranes high in elimination capacity 
are arranged upstream, while Ruth RO membranes are arranged 
downstream. These separation methods, in which Ruth RO membranes 
are arranged in plural steps, have such advantages that operation 
can be carried out at a low pressure and that a highly concentrated 
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solution can be obtained. However, if it is intended to obtain fresh 
water as permeated water, a very large number of steps are necessary 
for improving the quality of permeated water, to pose a problem 
that it is difficult to raise the efficiency, 
5 [0009] As a method for obtaining fresh water by a combination of 
Ruth RO membranes, JP62-9128 7A discloses an apparatus for producing 
pure water, in which a raw solution is at first treated using 
membranes with a high rate of eliminating divalent ions rather than 
monovalent ions, and after the pH of the permeated solution obtained 
10 is adjusted, ordinary reverse osmosis membranes are used for further 
treatment . 

[0010] Furthermore, JP62-102887A discloses that if seawater Is 
separated using Ruth RO membranes, a solution low in the 
concentration of scale components can be obtained as permeated 
15 water. 

[0011] On the other hand, in the recent reverse osmosis membrane 
seawater desalination plants, in addition to the pursuit for 
operation at a higher recovery rate, the removal of boron attracts 
attention as a technical problem. Boron exists as boric acid in 

20 seawater and is contained by about 4 to 5 ppm. Boric acid has a 
dissociation constant of 9 as oKa, and is rarely dissociated in 
seawater. The presently commercially available reverse osmosis 
membranes for seawater desalination do not sufficiently satisfy 
the boric acid elimination rate, and it has been difficult to keep 

25 the boron content at lower than the guideline value (0.2 mg/L) 
specified for the tap water, quality monitor item. 
[0012] As methods of removing boron other than the reverse osmosis 
methods include, it is known to use a strong basic anion exchange 
resin for adsorption removal, or to use a resin with 

30 N-methylglucamine bonded to styrene-divinylbenzene copolymer for 


adsorption removal. In the case of the former, if a large amount 
of salts exist in addition to boric acid, the amount of boron 
adsorbed by the ion exchange resin remarkably decreases. So, it 
is economically impossible to treat a large amount of seawater using 
5 an ion exchange resin. On the other hand, the latter method has 
a feature that since two hydroxyl groups in the glucamine bonded 
to the resin form a chelate with boron, very highly selective 
separation can be made, and is used for recovering boron from 
wastewater containing a large amount of boron. However, in the case 
10 where a resin having glucamine bonded is used for removing the boron 
in seawater, the treatment cost including the resin regeneration 
cost becomes high, and there is an economic problem in applying 
this method for seawater desalination. 

[0013] On the other hand, a composite reverse osmosis membrane 

15 having a crosslinked full aromatic polyamide as a separation 
function layer, which is typical among presently commercially 
available reverse osmosis membranes, has a feature that ionic 
materials can be eliminated better than neutral materials, since 
the separation function layer has unreactive carboxyl groups and 

20 amino groups as terminal groups. Therefore, if the pH of the 
solution supplied to the reverse osmosis membranes is adjusted to 
9 or higher at which boric acid is dissociated and ionized, for 
subsequent reverse osmosis separation , it can be expected that boron 
can be eliminated at a higher rate than in the case of separating 

25 in a neutral range in which boric acid is not yet dissociated. 
[0014] However, in the case where a highly concentrated solution 
containing a large amount of scale components like seawater is 
separated with reverse osmosis membranes in an alkaline range of 
pH 9 or higher, the production of scale and the -precipitation of 

30 hydroxides of divalent cations such as magnesium hydroxide as 
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described before clog the membrane, causing such a problem as 
decrease in the amount of generated fresh water. Therefore, also 
in the case where boron is removed by this method, the prevention 
of scale production becomes an important problem as in the 
5 above-mentioned case of operating at a high recovery rate. 
[0015] 

[Problems to be solved by the invention] In the case where a reverse 
osmosis membrane seawater desalination plant is operated at the 
conventional maximum yield level of about 40%, plural modules are 

10 simply arranged in parallel and operated at a pressure of 65 atm 
(when the temperature of raw water is 20^*0 with the pH of raw water 
Icept at 7 or less, with the amount of raw seawater Icept at 2.5 times 
the total amount of permeated water. . Stable operation under these 
conditions has been practiced with the above-mentioned fouling and 

15 concentration polarization sufficiently prevented. Furthermore, 
. it has not been necessary to especially consider the balance of 
permeated water among the respective elements in the module or the 
precipitation of scale components from concentrated water. 
[0016] If it is intended to further reduce the cost of the reverse 

20 osmosis membrane seawater desalination plant, it is necessary to 
operate at a high recovery rate with the yield further enhanced, 
and if seawater is desalinated according to an ordinary method as 
described before, it is desirable to raise the yield in the 
desalination of seawater with a salt content of 3.5% to about 60%. 

25 If an adequate amount of a scale preventive is added, it is necessary 
to operate ordinary RO membranes at a pressure of 90 atm, i.e., 
about 20 atm higher than the osmotic pressure of concentrated water . 
[0017] However, in the conventional separation using membranes of 
one Icind, a pressure of 90 atm must be applied to the raw solution 

30 for operation at a recovery rate of 60%, and in this case, the 


membrane surfaces are fouled too much. Furthermore, if the fouling 
materials include heavy metals for example, there arises a problem 
that the membranes are deteriorated, and moreover, the large 
generation of scale in the concentrated solution is also a problem. 
5 [0018] Furthermore, in the case where raw water made pH 9 or higher 
alkaline for the purpose of enhancing the boron elimination rate 
of reverse osmosis membranes is separated with the reverse osmosis 
membranes, the generation of scale and the precipitation of 
hydroxides occur as a large problem. 

10 [0019] Some concentration methods and methods of removing scale 
components from seawater respectively using Ruth RO membranes in 
combination have been contrived, but no particular method of 
obtaining fresh water from a highly concentrated solution such as 
seawater at a high recovery rate has been found yet. 

15 [0020] This invention provides a reverse osmosis membrane 
separation apparatus and method that allow the production of a low 
concentrated solution from a highly concentrated solution at a high 
recovery rate, more stably, at lower energy, at lower cost and at 
high efficiency, while preventing the production of scale 

20 components on the membrane surfaces. Especially the object is to 
provide a separation apparatus and method for obtaining fresh water 
from seawater at a high yield of more than 40%- and at lower energy 
efficiently and stably, and to also more highly remove the boron 
that could be removed only insufficiently with the conventional 

25 reverse osmosis methods, without causing, the problem of scale 
production . 
[0021] 

[Means' for solving the problems] To solve the above-mentioned 
problems, this invention has the following constitution. 
30 [0022] ''A reverse osmosis membrane separation apparatus , comprising 
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a reverse osmosis membrane module unit A containing membranes a 
capable of achieving a salt elimination rate of 90% or more when 
measured with 3.5% salt solution at 56 kgf/cm^ 25*^0 and pH 6.5, 
and a reverse osmosis membrane module unit B containing membranes 
b capable of achieving a permeation flux of 0.8 m^/m^Dday or more 
when measured with 1500 ppm salt solution at 15 kgf/cm^, 25°C and 
pH 6.5, in plural steps." 

In this invention, the permeation flux means the membrane permeation 
rate per membrane area per unit time when a salt solution obtained 
by dissolving 1500 ppm of common salt into distilled water or pure 
water is separated with a reverse osmosis membrane at 15 kgf/cm^, 
25°C, pH 6.5 and at a recovery rate of 15% or less, or the membrane 
permeation rate per unit membrane area per unit time when a solution 
with 3.5% of common salt dissolved in distilled water or pure water 
is separated with a reverse osmosis membrane at 56 kgf/cm^, 25*^0, 
pH 6.5 and at a recovery rate of 15% or less. 

[0023] The elimination rate is a value obtained by calculating from 
the following formula. 

[0024] Elimination rate (%) = (Concentration of raw solution - 
Concentration of permeated solution) /Concentrated of raw solution 
X 100 

The concentration of a raw solution and the concentration* of a 
permeated solution can be obtained by measuring, for example, the 
electric conductivity of each solution. Furthermore, the recovery 
rate is the rate of the amount of a permeated solution to the amount 
of a raw solution supplied to membranes, and can be defined by the 
following formula. 
[0025] 

Recovery rate (%) = Amount of permeated solution/Amount of raw 
solution X 100 
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In this invention, the membrane a allows the permeation of some 
components such as a solvent of the mixture to be separated, and 
does not allow the permeation of the other components. 
Substantially it is a semipermeable membrane allowing reverse 
osmosis separation, and the materials often used for the membrane 
include polymers such as cellulose acetate based polymers, 
polyamides, polyesters, polyimides and vinyl polymers. As for the 
membrane structure, an asymmetric membrane having a compact layer 
at lest on one side and fine pores gradually becoming larger from 
the compact layer toward the inside of the membrane or toward the 
other side can be used, or a composite membrane having a very thin 
separation function layer made of another material and formed on 
the compact layer of an asymmetric membrane can also be used. The 
membrane can also be a hollow fiber membrane or a flat membrane.. 
However, the method of this invention can be used effectively 
irrespectively of the material of the reverse osmosis membrane, 
membrane structure and membrane shape. Typical reverse osmosis 
membranes include, for example, asymmetric membranes made of a 
cellulose' acetate based polymer or polyamide, and composite 
membranes having a separation function layer made of a polyamide 
or polyurea, etc. Among them, the apparatus and method of this 
invention are effective for asymmetric membranes made of a cellulose 
acetate based polymer and composite membranes made of a polyamide. 
[0026] The operating pressure of the membrane a is not especially 
limited, but it is preferred that the operating pressure is 50 
kgf/cm^ or more. It is more preferred to operate at 80 kgf/cm^ or 
more for obtaining a high yield. Therefore, it is preferred that 
the reverse osmosis membrane used here is a membrane used at a high 
pressure for seawater desalination, or recovery of a valuable 
material, etc., and it is preferred that the membrane has a more 


compact separation function layer and high pressure resistance. 
[0027] In this invention, as the properties of the membrane a, it 
must have a separation capability of 90% or more, preferably 95% 
or more, more preferably 99% or more as salt elimination rate with 

5 3.5% salt solution at 56 kgf/cm^, 25''C and pH 6.5, A higher 
elimination is preferred since the chlorine ion content of permeated 
water becomes lower. If the salt elimination rate is smaller than 
90%, the amount of chlorine ions in the permeated solution becomes 
large, and it is difficult to use the permeated solution immediately 

10 as drinking water or industrial water. 

[0028] Furthermore, it is preferred that the membrane a has a 
permeation flux of 1.5 m^/m^Qiay or less when measured with 3.5% 
salt solution at 56 kgf /cm^ , 25''C and pH 6 . 5 . A more preferred range 
is 0.5 m^/m^CHay to 1.0 m^/m^Dday. If the permeation flux is more 

15 than 1.5 m^/m^[liay, the membrane declines in salt elimination 
capability and pressure resistance . If it is less than 0.5m /m CHay , 
a large membrane area becomes necessary to raise the cost of the 
membrane and it becomes difficult to obtain a high recovery rate. 
[0029] In this invention, as the membrane b, a so-called 

20 low-pressure reverse osmosis membrane or Ruth RO membrane can be 
used. 

[0030] A low-pressure reverse osmosis membrane is a semipermeable 
membrane that allows the permeation of some components such as a 
solvent in the mixture to be separated and does not allow the 

25 permeation of the other components, hence substantially allowing 
reverse osmosis membrane separation, and that has pressure 
resistance up to 42 atm and can be used substantially at an operating 
pressure of 20 atm or lower for separating a solution with a low 
salt concentration, for example, for desalinating a salt solution, 

30 or producing ultrapure water, etc. 
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[0031] The materials often used for the membrane b include polymeric 
materials such as cellulose acetate based polymers , polyamides , 
polyesters, polyimides and vinyl polymers. As for the membrane 
structure, an asymmetric membrane having a compact layer at lest 
on one side and fine pores gradually becoming larger from the compact 
layer toward the inside of the membrane or toward the other side 
can be used, or a composite membrane having a very thin separation 
function layer made of another material and formed on the compact 
layer of an asymmetric membrane can also be used. The membrane can 
also be a hollow fiber membrane or a flat membrane. However, the 
method of this invention can be used effectively irrespectively 
of the material of the reverse osmosis membrane, membrane structure 
and membrane shape. Typical reverse osmosis membranes include, for 
example, asymmetric membranes made of a cellulose acetate based 
polymer or polyamide, and composite membranes having a separation 
function layer made of a polyamide, polyurea or polyvinyl alcohol, 
etc. Among them, the apparatus and method of this invention are 
effective for asymmetric membranes made of a cellulose acetate based 
polymer and composite membranes made of a polyamide. 
[0032] In this invention, as for the properties of the low-pressure 
reverse osmosis membrane, it is preferred that the permeation flux 
measured with 1500 ppm salt solution at 15 Icgf/cm^, 25*^C and pH 6 . 5 
is 0.8 m^/m^CHay or more. More preferred is 1.0 m^/m^Qiay or more. 
Furthermore, as for the separation capability of the membrane, it 
is preferred that the salt elimination rate measured with 1500 ppm 

salt solution at 15 Jcgf/cm^, 25**C and pH 6.5 is 90% or more, more 
preferably 98% or more, and that the salt elimination rate measured 

with 1000 ppm magnesium sulfate aqueous solution at 15 ]cgf/cm^, 25®C 
and pH 6.5 is 90% or more, more preferably 98% or more. It is more 
preferred that the membrane has the above-mentioned capabilities 
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and a permeation flux of 0.5 m^/m^CHay when measured with 500 ppm 
salt solution at 5 kgf/cm^, 25°C and pH 6.5 is 0.5 m'^/m^Qiay or more. 
A membrane used substantially at a pressure of 10 atm or less is 
more preferred. 

5 [0033] A Ruth RO membrane can highly eliminate molecules with medium 
to high molecular weights of hundreds to more than several thousands 
and polyvalent ions such as divalent ions and heavy metal ions, 
but allows the permeation of monovalent ions and low-molecular 
materials. The materials often used for the Ruth RO membrane 

10 include polyamides, polypiperazineamide, polyester amides, 
crosslinked water-soluble vinyl polymers , etc . As for the membrane 
structure, an asymmetric membrane having a compact layer at lest 
on one side and fine pores gradually becoming larger from the compact 
layer toward the inside of the membrane or toward the other side 

15 can be used, or a composite membrane having a very thin separation 
function layer made of another material and formed on the compact 
layer of an asymmetric membrane can also be used. The membrane can 
also be a hollow fiber .membrane or a flat membrane. However, the 
method of this . invention can be used effectively irrespectively 

20 of the material of the reverse osmosis membrane, membrane structure 
and membrane shape. However, considering the large amount of water 
to be produced by operation at low pressure, a composite membrane 
is preferred. More preferred is a polyamide-based composite 
membrane. For example, a piperazine polyamide-based composite 

« 

25 membrane is more suitable in view of water permeation rate, 
chemicals resistance, etc. 

[0034] In this invention, as for the properties of the Ruth RO 
membrane, it is preferred that the permeation flux of the membrane 
measured with 500 ppm salt solution at 5 ]cgf/cm^, 25**C and pH 6 . 5 
30 is 0.5 m^/m^Qiay or more. Furthermore, as for the separation 


capability of the membrane, it is preferred that the salt 
elimination rate measured with 500 ppm salt solution at 5 kgf/cm^, 
25^C and pH 6.5 is 80% or less, more preferably 60% or less, and 
that the salt elimination rate measured with 1000 ppm magnesium 

sulfate aqueous solution at 5 kgf/cm^, 25'^C and pH 6,5 is 90% or 
more, more preferably 98% or more. 

[0035] A reverse osmosis membrane element is an actually used mode 
of the above-mentioned reverse osmosis membranes. In the case of 
flat membranes, they are assembled into a spiral, tubular or 
plate-and-f rame element, and in the case of hollow fiber membranes, 
they are bundled and assembled into an element for use. The shape 
of the reverse osmosis membrane element does not affect the present 
invention. 

[0036] One or more reverse osmosis membrane elements are contained 
in a pressure vessel, to malce a module, and such modules are arranged 
in parallel to form a reverse osmosis membrane module unit. The 
combination, quantity and arrangement can be decided as desired. 

[0037] The constitution of the apparatus of this invention is 
described below in reference to drawings. In this invention, the 
reverse osmosis membrane separation apparatus consists of at least 
a raw water intalce portion, a pretreatment portion and a reverse 
osmosis membrane portion. The reverse osmosis membrane portion 
refers to a portion consisting of reverse osmosis membrane modules 
supplied with a raw solution for separation into a permeated 
solution and a concentrated solution for the purpose of fresh water 
generation, concentration, separation or the like. Usually a unit 
composed of arranged reverse osmosis membrane modules, each module 
consisting of an element (s) and a pressure vessel (s) , constitutes 
the reverse osmosis membrane portion together with a booster pump, 
etc . The raw solution to be supplied to the reverse osmosis membrane 


portion is usually pretreated (for removal of turbid components) 
in the pretreatment portion with chemicals such as a microbicide, 
coagulant, reducing agent and pH regulator, sand filtration, active 
carbon filtration, safety filtration, etc. For example, .in the 
5 case of seawater desalting, after seawater is taken into the intake 
portion, particles and the like are separated in a settling tank, 
and a microbicide is added there for sterilization. Furthermore, 
a coagulant such as iron chloride is added, and sand filtration 
is carried out. The filtrate is stored in a storage tank and 

10 adjusted in pH using, for example, sulfuric acid, being sent to 
a high-pressure pump. While the solution is sent, a reducing agent 
such as sodium hydrogensulf ite is added to erase the microbicide 
that will deteriorate the reverse osmosis membrane material. The 
solution is fed through a safety filter and raised in pressure by 

15 means of a high-pressure pump, being sent to reverse osmosis 
membrane modules . Such a process is often practically used. These 
pretreatments are employed as required depending on the raw solution 
and application. 

[0038] Fig. 1 shows an apparatus, in which the permeated water of 
20 a reverse osmosis membrane module unit B is supplied to a reverse 
osmosis membrane module unit A. If highly concentrated water such 
as seawater is supplied, it is at first pretreated in the 
pretreatment portion, and supplied to the reverse osmosis membrane 
module unit B of the first step. For the reverse osmosis membrane 
25 module unit B, it is preferred to use Ruth RO membranes, and since 
the membranes are low in the elimination rate of monovalent ions, 
the difference in osmotic pressure between the concentrated water 
and the permeated water is small. So, even with a highly 
concentrated solution like seawater, the unit can be operated at 
30 a relatively low pressure. At the first step, polyvalent ions and 
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materials with medium to high molecular weights such as scale 
components can be separated from monovalent ions and materials with 
low molecular weights . The concentrated water with polyvalent ions 
concentrated is discharged as it is, and the permeated water not 
5 containing scale components is pressurized and supplied to the 
reverse osmosis membrane module unit A of the second step. Since 
no scale is likely to be generated in the reverse osmosis membrane 
module unit A, separation can be carried out at a high recovery 
rate. 

10 [0039] The operation at a high recovery rate in the two units A 
subsequent to the unit B is shown in Fig. 2. To obtain a high 
recovery rate, it is preferred in view of preventing the fouling 
of membranes that reverse osmosis membrane module units A are 
arranged in plural steps, and that the concentrated water of the 

15 reverse osmosis membrane module unit A of the former step is supplied 
to the reverse osmosis membrane module unit A of the next step 
(hereinafter this method is called the concentrated water pressure 
raising method) . The pretreatment portion and the reverse osmosis 
membrane module unit B of the first step are the same as those 

20 mentioned above. The permeated water of the reverse osmosis 
membrane module unit B is at first treated in the reverse osmosis 
membrane module unit A of the former step at the same operating 
pressure (about 60 atm) and recovery rate (about 40%) as those for 
ordinary seawater desalination, to obtain fresh water. Then, the 

25 concentrated water is raised to a pressure of 80 atm or higher, 
and supplied to the reverse osmosis membrane module unit A of the 
next step, to further obtain fresh water there, for achieving a 
total recovery rate of about 60%. The values of the operating 
pressure and the recovery rate stated here are shown merely as an 

30 example, and this invention is not limited thereto. The membranes 


a used in the reverse osmosis membrane module unit A of the former 
step and those of the next step can be the same, but it is preferred 
to use membranes with different properties in the respective steps. 
The number of steps of reverse osmosis membrane module units A is 
5 not limited either , but if the number of steps increases, more pumps 
are needed for raising the pressure. So, considering the equipment 
cost and the operation cost, it is preferred to employ two steps. 
Furthermore, to improve the boron removing capability, a device 
for injecting an alkali into the water supplied to the reverse 

10 osmosis membrane module unit A can be provided for dissociating 
the boric acid in the supplied water into anions for pH adjustment. 
It is preferred that the pH in this case is 9 or more. A more 
preferred range is 9.5 to 11. Even if the unit is operated at such 
a high alkalinity, scale is not produced since the scale components 

15 are removed beforehand. As the alkali, a concentrated aqueous 
solution of an alkali salt such as sodium hydroxide or sodium 
carbonate is used, and it is injected into the permeated water of 
the reverse osmosis membrane module unit B , i.e., the water supplied 
to the reverse osmosis membrane module unit A by means of a chemical 

20 injection pump. 

[0040] Fig. 3 shows an apparatus , in which the concentrated water 
of a reverse osmosis membrane module unit A is supplied to a reverse 
osmosis membrane module unit B, while the permeated water of the 
reverse osmosis membrane module unit B is mixed into the water 

25 supplied to the reverse osmosis membrane module A. At first, 
pretreated seawater is supplied to the reverse osmosis membrane 
module unit A of the fist step, and fresh water is separated from 
a highly concentrated solution such as seawater there. The 
concentrated water can be supplied as it is into the reverse osmosis 

30 membrane module unit B, but to obtain a high recovery rate, it is 


preferred to use the concentrated water pressure raising method. 
Subsequently, the concentrated water of the reverse osmosis 
membrane module unit of the final step is supplied to the reverse 
osmosis membrane module unit B, and in this case, since the 
concentrated water has a high pressure, it is not necessary to raise 
the pressure of the concentrated water. In the reverse osmosis 
membrane module unit B, the concentrated water is further separated 
into the concentrated water containing scale components and the 
permeated water low in salt concentration and not containing scale 
components . The concentrated water of the reverse osmosis membrane 
module unit B is discharged as it is, and the permeated water is 
returned and mixed into the water supplied to the reverse osmosis 
membrane module unit A of the first step. In this case, since the 
scale components of the water supplied to the first step are diluted 
with the permeated water of the reverse osmosis membrane module 
unit B, the reverse osmosis membrane module unit A can be operated 
at a recovery rate higher than ordinary 40% . Furthermore , if a scale 
preventive is added in the case of Fig. 3, the scale preventive 
can be added only to the water supplied to the membranes b, and 
the amount of the water supplied to the reverse osmosis membrane 
module unit B can be small compared with the entire amount of 
supplied water. So, the total amount of the scale preventive can 
be small advantageously. 

[0041] Fig. 4 shows an apparatus, in which the permeated water of 
a reverse osmosis membrane module unit A is supplied to a reverse 
osmosis membrane module unit B. At first, the seawater treated in 
the pretreating portion is supplied to the reverse osmosis membrane 
module unit A of .the first step, and fresh water is separated from 
a highly concentrated solution such as seawater. In the case where 
the first step is operated at a recovery rate higher than ordinary 


40%, the concentrated water pressure raising method can be suitably 
used. Furthermore, in this case, a scale preventive is added to 
the supplied water, to prevent the generation of scale. The 
permeated water of the reverse osmosis membrane module unit A has 
quality equivalent to drinking water level, and scale components 
have also been removed. Therefore, the reverse osmosis membrane 
module unit B of the second step can be operated at a high recovery 
rate, since there is no possibility of scale generation. In this 
case, it is preferred that the recovery rate is 80% or more, and 
more preferred is 90% or more. It is also preferred to return the 
concentrated water of the reverse osmosis membrane module unit B 
for mixing into the water supplied to the reverse osmosis membrane 
module unit A of the first step. Furthermore, it is preferred in 
this case that in order to improve the boron removing capability 
of the. membranes b, a device for injecting an alkali into the water 
supplied to the reverse osmosis membrane module unit B is provided 
to dissociate the boric acid in the supplied water into anions for 
pH adjustment. It is preferred that the pH in this case is 9 pr 
more, and a more preferred range is 9.5 to 11. Also in the case 
where the unit is operated at a high alkalinity, the possibility 
of scale generation is low. 

[0042] If still a small amount of scale is generated, it is preferred 
that, as shown in Fig. 5, the permeated water of the reverse osmosis 
membrane module unit B of the second step is further supplied to 
the reverse osmosis membrane module unit B of the third step for 
separation. In this case, it is preferred that the alkali is 
injected into the water supplied to the third step. In this case, 
it is preferred to use Ruth RO membranes in the. reverse osmosis 
membrane module unit B of the second step, and low-pressure reverse 
osmosis membranes can be suitably used in the reverse osmosis 


membrane module unit B of the third step. In this case, since a 
small amount of divalent ions as scale components are removed in 
the reverse osmosis membrane module unit B of the second step, the 
third step can be operated at a high alkalinity without the 
possibility of scale generation. Furthermore in this case, it is 
not necessary to supply all the permeated water of the reverse 
osmosis membrane module unit A to the reverse osmosis membrane 
module unit B, and it is preferred to mix part of the permeated 
water of the reverse osmosis membrane module unit A with the 
permeated water of the reverse osmosis membrane module unit B to 
ensure that the boron concentration does not exceed the required 
concentration, since the number of elements of the reverse osmosis 
membrane module unit B can be decreased. 

[0043] The scale preventive added to the water supplied to the 
reverse osmosis membrane apparatus in this invention forms a complex 
with the scale components such as polyvalent metal ions in the 
solution, to inhibit scale generation, and an organic or inorganic 
ionic polymer or monomer can be used. Examples of the ionic polymer 
include synthetic polymers such as polyacrylic acid, sulfonated 
polystyrene, polyacrylamide and polyallylamine and natural 
polymers such as carboxylmethyl cellulose, chitosan and alginic 
acid. As an organic monomer, ethylenediaminetetraacetic acid, etc. 
can be used. As an inorganic scale preventive, a polyphosphate, 
etc. can be used. Among these scale preventives, polyacrylic 
acid-based polymers, polyphosphates, ethylenediaminetetraacetic 
acid (EDTA) , etc. can be suitably used in this invention, A 
polyphosphate refers to a polymerization product of an inorganic 
phosphate material having two or more phosphorus atoms in the 
molecule and bound with an alkali metal, alkaline earth metal, 
phosphorus atoms, etc. , such as sodium hexametaphosphate . Typical 


polyphosphates include tetrasodium pyrophosphate, disodium 
pyrophosphate, sodium tripolyphosphate, sodium tetrapolyphosphate, 
sodium heptapolyphosphate, sodium decapolyphosphate, sodium 
metaphosphate and sodium hexametaphosphate, potassium salts 
corresponding to them, etc. 

[0044] The amount of the scale preventive is only required to be 
at least as much as necessary for taking in the scale components 
in the raw solution, but considering the cost and the operation 
convenience such as time, it is generally in a range of 0.01 to 
1000 ppm. Accurately it depends on the quality of raw water, but 
usually in the case of seawater, it is preferred that the amount 
is 0.1 to 100 ppm, and a more preferred range is 1 to 50 ppm. If 
the amount of the scale preventive is less than 0.01 ppm, the scale 
generation cannot be sufficiently inhibited, and the membrane 
performance is degraded. An amount of more than 1000 ppm is not 
preferred, since the scale preventive per se is adsorbed on the 
surfaces of the membranes to decrease the amount of fresh water 
generated, or to deteriorate water quality. If the raw solution 
contains a large amount of scale components, it may be necessary 
to add tens to hundreds of parts per million. 

[0045] Moreover, ultrafiltration membranes can be suitably used 
in the pretreatment portion of the separation apparatus and method 
of this invention, since the apparatus of this invention can be 
operated more stably. The ultrafiltration membranes are used, for 
example, as a hollow fiber membrane module obtained by bundling 
plural hollow fiber membranes. They can be used alone or in 
combination with sand filtration. Furthermore, as for the hollow 
fiber membrane module, it is necessary that the fouling on the 
surfaces of the hollow fiber membranes can be removed by any physical 
washing means during the operation of the apparatus, to ensure that 


the hollow fiber membranes can be used for a long period. The 
physical washing means can be feeding the filtrate in the reverse 
direction, air flushing or scrubbing. 

[0046] To obtain the hollow fiber membrane module used in this 
invention, the ends of a bundle of hollow fiber membranes are 
fastened with an adhesive and cut to be open. The structure is not 
especially limited, but an optimum shape in combination with a 
physical washing means can be employed. A module with plural hollow 
fiber membrane elements packed in a tank-shaped vessel is most 
preferred, since it is suitable for obtaining a large capacity. 
The hollow fiber membranes constituting the hollow fiber membrane 
module are not especially limited if they are porous hollow fiber 
membranes, and the material of the membranes can be selected from 
polyethylene, polypropylene, polysulfone, polyvinyl alcohol, 
cellulose acetate, polyacrylonitrile, etc. Among them", an 
especially preferred hollow fiber membrane material is a polymer 
containing acrylonitrile at least as one component. . Among 
acrylonitrile-based polymers, most preferred is an acrylonitrile 
copolymer consisting of at least 50 mol% or more, preferably 60 
mol% or more of acrylonitrile and 50 mol% or less, preferably 0 
to 40 mol% of one or more vinyl compounds copolymerizable with 
acrylonitrile. Furthermore, a mixture consisting of two or' more 
such acrylonitrile copolymers or a mixture with another polymer 
can also be used. The said vinyl compounds are not especially 
limited if they can be copolymerized with acrylonitrile. As 
preferred comonomers , acrylic acid, itaconic acid, methyl acrylate, 
methyl methacrylate, vinyl acetate, sodium allylsulf onate and 
sodium p-styrenesulf onate can be exemplified. 

[0047] According to the separation apparatus and method of this 
invention, the reverse osmosis membrane module unit A can be 
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operated at a recovery rate higher than an ordinary recovery rate, 
and considering the separation cost, a recovery rate as high as 
possible is preferred. According to the separation method of this 
invention, the recovery rate can be higher than ordinary 40%. For 
5 cost reduction, it is preferred to separate at a recovery rate of 
50% or more. More preferred is 60% or more. 

[0048] The separation apparatus and method of this invention are 
suitable for separating a highly concentrated solution. They are 
especially effective for separating a solution with a solute 
10 concentration of 0.5% or more and the effect for seawater 
desalination is also high. 

[0049] 

[Examples] The present invention is described below in more detail 
15 in reference to examples, but is not limited thereto or thereby. 
[0050] The properties of membranes of the present invention are 
shown in Table 1. In this invention, these two ]cinds of membranes 
a and three Icinds of membranes b were used to fabricate membrane 
elements respectively with a membrane area of 7 m"^ , and one to several 
20 pressure vessels, each loaded with one to several such elements, 
were arranged in parallel to form each reverse osmosis membrane 
module unit for seawater desalination. The seawater used was the 
seawater of Seto Inland Sea adjusted to a salt content of 3.5%. 
Boron was determined by means of curcumine absorptiometry. 

25 
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[0051] 
[Table 1] 

Properties of reverse osmosis membranes of the present invention 



Membrane a-1 

Membrane a-2 

Membrane b-1 

Membrane b-2 

Membrane b-3 

Permeation 
flux 

(m^/m^Qlay) 

0,65 

0.73 

1.24 

1.10 

0.73 

Sodium 
chloride 
elimination 
rate (%) 

99.6 

99 .7 

53.5 

99 . 5 

99 . 4 

Magnesium 
sulfate 
elimination 
rate (%) 

99.9 

99.9 

99.0 

99.7 

99.6 

Evaluation 
conditions 

3.5% sodium 
chloride 
^ 1000 ppm 
magnesium 
sulfate 

3.5% sodium 
chloride 
1000 ppm 
magnesium 
sulfate 

500 ppm sodium 
chloride 
1000 ppm 
magnesium 
sulfate 

1500 ppm 

sodium 
chloride 
1000 ppm 
magnesium 
sulfate 

500 ppm sodium 
chloride 
1000 ppm 
magnesium 
. sulfate 


Example 1 


5. A device shown in Fig. 1 was fabricated using a reverse osmosis 
membrane module unit comprising membranes b-1 and membranes a-1. 
With this device used, at first in the pretreatment portion, 

seawater with a salt content of 3.5% was adjusted to 25°C and pH 
6.7 and treated by a hollow fiber ultrafiltration membrane module. 

10 Then, with the pressure raised to 25 kgf/cm^, the treated seawater 
was supplied into a reverse osmosis membrane module unit B, and 
permeated water with a salt content of 1.9% and concentrated water 
with a salt, content of 5.9% were obtained. The permeated water of 
the reverse osmosis membrane module unit B had contained a slight 

15 amount of polyvalent ions. The permeated water was raised to a 
pressure of 90 atm and supplied to a reverse osmosis membrane module 
unit A. The rate of the amount of water permeated by the reverse 
osmosis membrane module unit A to the amount of raw water was 47%, 
and the salt content of the permeated water was 266 ppm. The amount 
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of fresh water generated by the reverse osmosis membrane module 
unit A was 6 . 7 m^/day , and still after lapse of 2000 hours , the amount 
of the permeated water did not decline. 
[0052] Example 2 

5 Though a unit A was used in a single step in Example 1, two units 
A were used in two steps in Example 2. The permeated water of a 
reverse osmosis membrane module unit B was supplied to a reverse 
osmosis membrane module unit A containing membranes a-1, and the 
concentrated water of the unit A was raised in pressure and. supplied 

10 to a reverse osmosis membrane module unit A containing membranes 
a-2, as the concentrated water pressure raising method using the 
apparatus shown in Fig. 2. The membranes a-1 were operated at a 
pressure of 52 atm, and the membranes a-2, at 80 atm. The recovery 
rate of the reverse osmosis membrane module units A of both the 

15 steps was 63%, and the salt content of the permeated water was 185 
ppm. Furthermore, the reverse osmosis membrane module units A of 
both the steps did not drop in the amount of the permeated water 
still after lapse of 1600 hours. 
[0053] Example 3 

20 Reverse osmosis membrane module units containing membranes a-1 and 
membranes b-1 were used to fabricate the apparatus shown in Fig. 
3. In this apparatus, at first, seawater with a salt content of 

3 . 5% was adj usted to 25°C and pH 6.7, and treated with a hollow fiber 
ultrafiltration membrane module for further supply. Subsequently 

25 the treated water and the permeated water of the reverse osmosis - 
membrane module unit B were mixed, and the solution was raised in 
pressure to 90 atm and supplied to the reverse osmosis membrane 
module unit A. The concentrated water of the reverse osmosis 
membrane module unit A hatd a salt content of 5.6%. To the 

30 concentrated water, sodium hexametaphosphate was added to achieve 

31 


a concentration of 10 ppm, and the solution was supplied to. the 
reverse osmosis membrane module unit B. In the reverse osmosis 
membrane module unit B, concentrated water with a salt content of 
8.9% and permeated water with a salt content of 2.9% and a low 
5 polyvalent ion concentration were obtained. The concentrated 
water of the reverse osmosis membrane module unit B was taken out 
of the apparatus, and the permeated water was circulated and mixed 
with the water supplied to the reverse osmosis membrane module unit 
A. The rate of the amount of permeated water of the reverse osmosis 

10 membrane module unit A to the amount of supplied seawater was 60%, 
and the salt content of the permeated water was 227 ppm. Furthermore, 
the amount of the permeated water of the reverse osmosis membrane 
module unit A was 29 .9 m^/day , and the amount of the permeated water 
did not decrease even after lapse of 2000 hours. 

15 [0054] Example 4 

In Example 3, two units A were used in two steps instead of one 
unit A used in one step, to employ the concentrated water pressure 
raising method, using a reverse osmosis membrane module unit A 
containing membranes a-1 as the former step and a reverse osmosis 

20 membrane module unit A containing membranes a-2 as the latter step. 
Therefore, the unit constitution was {A (concentrated water) -> A 
(concentrated water) — > B} . The permeated water of the reverse 
osmosis membrane module unit B was returned for mixing with the 
treated raw water, and the solution was raised in pressure to 60 

25 atm and supplied to the reverse osmosis membrane module unit A of 
the former step. The concentrated water of the reverse osmosis 
membrane module unit A of the former step was raised in pressure 
to 90 atm and supplied to the reverse osmosis membrane module unit 
A of the latter step. The concentrated water of the reverse osmosis 

30 membrane module unit A of the latter step had a salt content of 


6.3%. To the concentrated water, sodium hexametaphosphate was 
added to achieve a concentration of 10 ppm. In the reverse osmosis 
membrane module unit B, concentrated water with a salt content 9.2% 
and permeated water with a salt content of 3.6% and a low polyvalent 
5 ion concentration were obtained. The concentrated water of the 
reverse osmosis membrane module unit B was taken out of the apparatus , 
and the permeated water was circulated for mixing into the water 
supplied to the reverse osmosis membrane module unit A of the former 
step. The rate of the total amount of the permeated water of the 

10 reverse osmosis membrane module units A of the former and latter 
steps to the amount of raw seawater was 64%, and the salt content 
of the permeated water was .197 ppm. The amounts of the permeated 
water of the reverse osmosis membrane module units A of the former 
and latter steps did not decrease even after lapse of 1600 hours. 

15 [0055] Comparative Example 1 

The seawater (with a salt content of 3.5%) was treated by means 
of cohesion sand filtration and supplied to the reverse osmosis 
membrane module unit A containing membranes a-1 of Example 1, being 
separated at 90 atm. Sodium hexametaphosphate was added to the 

20 treated raw solution to achieve a concentration of 10 ppm, and the 
unit was operated with the rate of the amount of permeated water 
to the amount of raw seawater set at 60%. The chlorine ion 
concentration of the permeated water was 306 ppm. The amount of 
the permeated water was 21.7 m^/day, and the amount of the permeated 

25 water after lapse of 2000 hours was decreased to 19.3 m^/day by 11%. 
[0056] Example 5 

Reverse osmosis membrane module units containing membranes a-1 and 
membranes b-1 were used to fabricate the apparatus shown in Fig. 
4. In this apparatus, at first seawater with a salt content of 3.5% 
30 was adjusted to 25®C and pH 6.7 in the pretreatment portion, and 


treated by means of a hollow fiber membrane ultrafiltration membrane 
module.. The treated water was raised in pressure to 63 atm and 
supplied to the reverse osmosis membrane module unit A. The 
recovery rate of the reverse osmosis membrane module unit A was 
5 43%, and the salt content of the permeated water was 116 ppm. The 
boron content of the raw water was 4.5 ppm and that of the permeated 
water was 1.3 ppm. To the permeated water, an alkali was injected 
to adjust pH to 10, and the solution was supplied to the reverse 
osmosis membrane module unit B, for operation at a pressure of 18 

10 atm. The recovery rate of the reverse osmosis membrane module unit 
B was set at 90%. The concentrated water was returned to neutrality 
in pH, and mixed with the water supplied to the reverse osmosis 
membrane module unit A. Arrangement was made to ensure that the 
rate of the amount of the permeated water of the reverse osmosis 

15 membrane module unit B to the amount of raw seawater became 40%. 
The permeated water had a salt content of 5 ppm and a boron content 
of 0 . 12 ppm, satisfying the guideline value of the tap water quality 
monitor item. 
[0057] Example 6 

20 Operation was carried but as described for Example 5, except that 
a reverse osmosis membrane module unit B containing membranes b-3 
instead of membranes b-2 was used. The reverse osmosis membrane 
module unit B was operated at a pressure of 8 atm, and the recovery 
rate was equal to that of Example 5. The permeated water of the 

25 reverse osmosis membrane module unit B had a salt content of 5 ppm 
and a boron content of 0.13 ppm, satisfying the guideline value 
of the tap water quality monitor item. 
[0058] Example 7 

In Example 5, the permeated water of the reverse osmosis membrane 
30 module unit A was raised in pressure to 6 atm and supplied to the 
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reverse osmosis membrane module unit B containing membranes b-1 
(former step) . The recovery rate was set at 90%. The permeated 
water had a salt content of 57 ppm and a boron content of 0.88 ppm. 
To the permeated water, an alkali was injected to adjust pH to 10, 
and the solution was supplied to the reverse osmosis membrane module 
unit B containing membranes b-2 (latter step) (the apparatus shown 
in Fig. 5 was fabricated) . The operating pressure was 17 atm, and 
the recovery rate of the reverse osmosis membrane module unit B 
of the latter step was set at 90%. Arrangement was made to ensure 
that the rate of the amount of the permeated water of the reverse 
osmosis membrane module unit B of the latter step to the amount 
of raw seawater became 37%. The permeated water of the latter step 
had a salt content of 3 ppm and a boron content of 0 . 09 ppm, satisfying 
the guideline value of the tap water quality monitor item. 
Furthermore, the amount of the permeated water of the reverse 
osmosis membrane module unit B containing membranes b-2 did not 
decrease at all even after lapse of 600 hours. 
[0059] Example 8 

In Example 7, two units A were used in two steps instead of one 
unit A used in one step. That is, the concentrated water pressure 
raising method was used with the reverse osmosis membrane module 
unit A containing membranes a-1 used for the former step and the 
reverse osmosis membrane module unit A containing membranes a-2 
used for the latter step. Therefore, the unit constitution was {A 

(concentrated water) A -> B -> B} . The operating pressure of the 
reverse osmosis membrane module unit A of the former step was set 
at 60 atm, and the concentrated water of the former step was raised 
in pressure to 90 atm and supplied to the reverse osmosis membrane 
module unit A of. the latter step. Arrangement was made to ensure 
that the rate of the amount of the permeated water of the reverse 
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osmosis membrane module unit B containing membranes b-2 to the 
amount of raw seawater became finally 50%. The permeated water of 
the reverse osmosis membrane module unit B containing membranes 
b-2 had a salt content of 4 ppm and a boron content of 0.11 ppm, 
5 satisfying the guideline value of the tap water quality monitor 
item. Furthermore, the amount of the permeated water of the reverse 
osmosis membrane module unit B containing membranes b-2 did not 
decrease at all even after lapse of 600 hours. 
[0060] Example 9 

10 Operation was carried out as described for Example 8, except that 
a reverse osmosis membrane module unit B containing membranes b~3 
instead of membranes b-2 was used. The operating pressure of the 
reverse osmosis membrane module unit B containing membranes b-3 
was 8 atm, and the recovery rate was set at 90%. Arrangement was 

15 made to ensure that the rate of the amount of the permeated water 
of the reverse osmosis membrane module unit B containing membranes 
b-3 to the amount of raw seawater became finally 50% . The permeated 
water of the reverse osmosis membrane module unit B containing 
membranes b-3 had a salt content of 4 ppm and a boron content of 

20 0.12 ppm, satisfying the guideline value of the tap water quality 
monitor item. 
[0061] Example 10 

In Example 5, 70% of the permeated water of the reverse osmosis 
membrane module unit A was supplied to the reverse osmosis membrane 

25 module unit B, and the remaining 30% was mixed with the permeated 
water of the reverse osmosis membrane module unit B. Arrangement 
was made to ensure that the recovery rate to seawater became 40%. 
After mixing, the water had a salt content of 17 ppm and a boron 
content of 0.18 ppm> satisfying the guideline value of the tap water 

30 quality monitor item. 


[0062] Comparative Example 2 

Seawater with a salt content of 3 . 5% was treated by means of cohesion 
sand filtration and supplied to the reverse osmosis membrane module 
unit A containing membranes a-1 of Example 1 for separation at 63 
atm. To the supplied water, sodium hexametaphosphate was added to 
achieve a concentration of 10 ppm, and operation was carried out 
to ensure that the rate of the amount of permeated water to the 
amount of raw seawater became 42%. The permeated water had a 
chlorine ion content of 306 ppm and a boron content of 1,3 ppm, 
not satisfying the guideline value of the tap water quality monitor 
item. 

[0063] Comparative Example 3 

In Comparative Example 2, an allcali was injected into the treated 
raw seawater for adjusting pH to 9 . As a result, a large amount 
of hydroxides of divalent cations were precipitated, and the amount 
of the permeated water of the reverse osmosis membrane module unit 
A decreased suddenly not to allow operation. 
[0064] 

[Effects of the invention] This invention provides a separation 
apparatus and method that allow a low concentrated solution to be 
obtained stably from a highly concentrated solution, especially 
seawater at a high yield, at low energy and at lower cost with the 
boron content sufficiently decreased. 

[Brief description of the drawings] 

[Fig. 1] A flow chart of a reverse osmosis membrane separation 

apparatus with a unit constitution of {B A} (Example 1) 

[Fig. 2] A flow chart of a reverse osmosis membrane separation 

apparatus with a unit constitution of {B -» A (concentrated water) 
-> A} (Example 2) 

[Fig. 3] A flow chart of a reverse osmosis membrane separation 


apparatus with a unit constitution having a scale preventive means 
{A (concentrated water) -> B} (Example 3) 

[Fig. 4] A flow chart of a reverse osmosis membrane separation 
apparatus with a unit constitution having an alkali injection means 

{A -» B} (Example 5) 

[Fig. 5] A flow chart of a reverse osmosis membrane separation 
apparatus with a unit constitution having an alkali injection means 

{A B -> B} (Example 7) 
[Meanings of symbols] 

1: highly concentrated solution (example: seawater) 
2 : pretreating portion 
3 : booster pump 

4: reverse osmosis membrane module unit A containing membranes a 
5: concentrated water of reverse osmosis membrane module unit A 
containing membranes a 

6: permeated water of reverse osmosis membrane unit A containing 
membranes a 

7 : reverse osmosis membrane module unit B containing membranes b 
8: concentrated water of reverse osmosis membrane module unit B 
containing membranes b 

9: permeated water of reverse osmosis membrane unit B containing 

membranes b . 

10: scale preventive adding means 

11: alkali injection means 
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